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DYNAMIC OFFSET THRESHOLD FOR 

DIVERSITY HANDOVER IN 
TELECOMMUNICATIONS SYSTEM 

BACKGROUND 

5 This application claims the priority and benefit of United States Patent 

Provisional Application Serial No. 60/250,473, filed December 4, 2000, entitied 
"DYNAMIC OFFSET THRESHOLD FOR DIVERSITY HANDOVER IN 
TELECOMMUNICATIONS SYSTEM" and United States Patent Provisional 
Application 60/250,476, filed December 4, 2000, entitied "PRELIMINARY 

10 PERFORMANCE OF HANDOVER FUNCTIONS IN TELECOMMUNICATIONS 
SYSTEM", and is related to simviltaneously-filed United States Patent Application 
Serial No. 09/931,280, entitled "PRELIMINARY PERFORMANCE OF HANDOVER 
FUNCTIONS IN TELECOMMUNICATIONS SYSTEM", aU of which are 
incorporated herein by reference in their entirety. 



15 1. FIELD OF THE INVENTION 

The invention pertains to data communications systems, and particularly to 
diversity handover (e.g., soft handover) in a teleconomunications system such as a 
wideband code division multiple access telecommunications system. 



2. RELATED ART AND OTHER CONSIDERATIONS 

20 In a typical cellular radio system, mobile stations (MS), also known as mobile 

user equipment units (UEs), communicate via a radio access network (RAN) to one or 
more core networks. The mobile stations (MSs)/user equipment units (UEs) can be 
mobile telephones ("cellular" telephones) and laptops wdth mobile termination, and thus 
can be, for example, portable, pocket, hand-held, computer-included, or car-mounted 

25 mobile devices which communicate voice and/or data with radio access network. 

The radio access network (RAN) covers a geographical area which is divided 
into cell areas, with each cell area being served by a base station (also known in some 
networks as a "B-node" or "node-B"). A ceU is a geographical area where radio 
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coverage is provided by the radio base station equipment at a base station site. 
Each cell is identified by a unique identity, which is broadcast in the cell. The base 
stations connnunicate over the air interface (e.g., radio frequencies) with the mobile 
stations within range of the base stations. In the radio access network, several base 
stations are typically connected (e.g., by landlines or microwave) to a radio network 
controller (RNQ. The radio network controller, also sometimes termed a base station 
controller (BSC), supervises and coordinates various activities of the plural base 
stations connected thereto. The radio network controllers are typically connected to 
one or more core networks. 

One example of a radio access network is the Universal Mobile 
Telecommunications (UMTS) Terrestrial Radio Access Network (UTRAN). The 
UTRAN is a third generation system which in some respects builds upon the radio 
access technology known as Global System for Mobile communications (GSM) 
developed in Europe. UTRAN is essentially a wideband code division multiple access 
(W-CDMA) system. An undertaking known as the Third Generation Partriership 
Project (3GPPP) has endeavored to evolve further UTRAN and GSM-based radio 
access network technologies. 

As tihose skilled in the art appreciate, in W-CDMA technology a common 
frequency band allows simultaneous commimication between a mobile station (MS) 
and plm:al base stations. Signals occupying the common frequency band are 
discriminated at the receiving station through spread spectrum CDMA waveform 
properties based on the use of a high speed, pseudo-noise (PN) code. These high speed 
PN codes are used to modulate signals transmitted from the base stations and the 
mobile stations (MSs). Transmitter stations using different PN codes (or a PN code 
offset in time) produce signals that can be separately demodulated at a receiving station. 
The high speed PN modulation also allows the receiving station to advantageously 
generate a received signal from a single transmitting station by combining several 
distinct propagation paths of the transmitted signal. In CDMA, therefore, a mobile 
station (MS) need not switch frequency when handoff of a connection is made from one 
cell to another. As a result, a destination cell can support an additional leg of a 
connection to a mobile station (MS) at the same time the origination cell continues to 
service the original leg of the connection. Since the mobile station (MS) is always 
communicating through at least one cell during handover, there is no disraption to the 
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call. Hence, the term "soft handover/' In contrast to hard handover, soft handover is a 
"make-before-break" switching operation. 

Suppose that a mobile station already has a leg of a connection established with 
a base station (the source base station) serving a cell (the source cell) in which the 
mobile station presently resides. Either periodically or as triggered by certain events, 
the mobile station measures and reports to a control node (e.g., a radio network 
controller [RNC]) the received signal strength of preselected transmissions (e.g., pilot 
signals) from various base stations. In the W-CDMA context, a measurement report 
sent from the mobile station to the control node includes signal strength measurements 
for cells (e.g., base stations) already in an "active set" (cells for which diversity 
handover is already applicable), as well as other monitored cells. As the mobile station 
travels toward a destination cell (served by a destination base station) which is not in 
the active set, the mobile station eventually hears the pilot signal from the destination 
base station, and includes the destination base station in its measurement report to the 
control node. Eventually a decision must be made by the radio access network whether 
to add a new leg of the connection with the mobile station (the new leg mvolving the 
destination base station) by initiating a soft handover sequence at the destination base 
station. 

Traditionally the radio access network determines to initiate a handover 
sequence at the destination base station in accordance with a soft handover algorithm. 
In the W-CDMA context, the soft handover algorithm has various events here of 
interest. A first event (Event 1 A) is Radio link Addition, which occurs when the 
measured and filtered pilot signal from the destination base station (not in the active 
set) exceeds a certain handover threshold. That certain handover threshold, herein also 
known as a Fixed Offset Threshold, is a fixed offset from the best (greatest strength) 
pilot signal in the active set (e.g., the source cell), as set forth in Expression 1. The 
fixed offset is a properly chosen constant. A low fixed offset means that a fixed offset 
threshold is high, and consequently a high signal strength is required to Start handover. 
For a high fixed offset, the converse occurs. A description of how the fixed offset is 
chosen in provided in Third Generation Partnership Project Technical Specification 



25,331. 



Expression 1: FixedOffsetThreshold = SignalQuaUty(Best Cell)-FixedOffset 
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A second event (Event IB) is Radio Link Removal, which occurs when the measured 
and filtered pilot signal from the destination base station falls below the threshold of 
Expression 1. For the events (such as Event lA and Event IB) to occur, typically the 
pilot signal must maintain its strength for a predetermined trigger time and a certain 

5 hysteresis value may be factored into the threshold expression. Moreover, for the 
Radio Link Addition event, the active set must not be full. A more detailed 
, understanding of the W-CDMA soft handover algorithm, including other events and 
conditions, can be ascertained from Radio Resource Management Strategies, 3G TR 
25.922, Ver. 0.5.0, September 1999, generated by the Third Generation Partnership 

10 Project, Technical Specification Group RAN, Working Group 2 (WG2). 

The point where the handover sequence is started can be said to define the cell 
border between two cells. If the cell border is situated too far from the source base 
station, the mobile station might lose contact with the source base station before the 
handover is completed. In such a situation, the call is unfortunately dropped. 

15 Furthermore, to keep the signal quaUty at a reasonable level at the mobile station, the 
source base station and the mobile station have to increase the transmission power as 
the mobile station moves away from the source base station. Consequently, the 
interference in the current ceU and to other neighboring cells increases, leading to lower 
system capacity. On the other hand, if the cell border is close to the source base station, 

20 but too far from the destination base station, the destination base station (instead of the 
source base station) has to start its transmission with a high output power. 

With the conventional fixed offset threshold value'^of Expression 1, the point 
where a handover is started is essentially the same between the current cell and any of 
the cells not currently in the active set. Thus, there is no possibility of controlling when 
25 to start a handover between two specific cells, and many of the handovers may be 
started at non-optimal points. 

The conventional handover sequence performed by the destination base station 
involves various activities, usually commencing with allocating resources, and then, 
subsequently, e.g., activating a receiver at the destination base station to be associated 
30 with the mobile station, followed by LI synchronization with the mobile station. 

However, some of these handover sequence activities, such as LI synchronization, are 
considerably complex, process intensive, and time consuming. Such characteristics of 
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these handover sequence activities militate against the overall network goal of 
efficiency, e.g., of avoiding delay (whether it be call setup delay, delay at channel 
switching, delay at handover, etc.). In fact, one common denominator and a major 
reason for delay in many traffic situations is the time required to perform LI 
synchronization in different scenarios, including diversity handover. 

Various prior art systems (such as the Ericsson CMS88 and CMS30 TDMA 
systems) have employed verification receivers which enable a target cell to verify the 
existence of a mobile station, by synchronizing the verification receiver to the mobile 
station. In essence, output from the verification receiver advises whether the mobile 
station can be detected in the receiving ceU or not. In such systems, a positive 
verification result is a condition for proceeding with the handover sequence. 

United States Patent 6,052,598 uses a series of received signal strength 
measurements of a mobile unit to extrapolate a time at which that mobile unit would 
have a handover in accordance with fixed offset thresholds, and affords an opportunity 
to allocate wireless resources for the mobile unit in anticipation of the extrapolated 
handover. 

United States Patent 5,530,912 provides, within a ceU, a handover region and a 
pre-handover zone relative to handover to an adjacent cell. When a mobile station is in 
the pre-handover zone, a free chaimel is reserved in the adjacent ceU. The free channel 
in the adjacent cell is not granted until the mobile station moves into the handover 
region. 

What is needed, therefore, aiid an object of the present invention, is a technique 
for expediting time-intensive handover activities and thereby reducing diversity 
handover delay. 

BRIEF SUMMARY OF THE INVENTION 

A telecommunications system has a source base station and a destination base 
station, and a handover unit having a dynamic offset threshold determination unit which 
estabhshes a dynamic offset threshold for starting soft handover. When the dynamic 
offset threshold for soft handover is exceeded, a preliminary portion of a handover 
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sequence is initiated at the destination base station. The preliminary portion of the 
handover sequence is initiated so that a time-critical handover sequence activity (such 
as LI uplink synchronization) is well underway, if not completed, by the tune the soft 
handover is actually needed. The dynamic offset threshold for starting handover is 
5 based on a probability that the mobile station wiQ engage in the handover. The 

probability is a statistical probability that handover will actually occur and can be based 
on handover history of other mobile stations previously and similarly traveling and of 
the same signal strength. 

Another portion of the soft handover sequence (e.g., a remsdning portion of the 
10 soft handover sequence) is initiated when the signal strength from the destination base 
station as received at the specified mobile station has a predetermined relationship to 
(e.g., exceeds) a fixed offset threshold. 

In an example, non-limiting embodiment of the invention, dynamic offset 
threshold determination unit initiates at least the prelinoinary portion of the soft 
handover sequence when the signal strength of the destination base station as received 
at the specified mobile station is not less than a dynamic offset threshold. The dynanaic 
offset threshold is a difference between the signal strength of the source base station as 
received at the specified mobile station and a dynamic offset The dynamic offset is a 
function of a fixed offset and the probability of the specified mobile station fulfilling 
the handover criteria. 

The probability upon which the dynandc offset threshold is determined is a 
function of signal strength of the destination base station as received at the specified 
mobile station. More preferably, the probability upon which the dynamic offset 
threshold is determined is both a function of signal strength of the destination base 
25 station as received at the specified mobile station and a function of signal strength of 
the source base station as received at the specified mobile station. 

In an example deployment of the invention, the dynamic offset threshold 
determination unit is situated at a control node of the teleconununications system, such 
as a radio network control (RNC) node. The specified mobile station sends to the 
30 control node a measurement report of the signal strength of the destination base station 
and the source base station as received at the specified mobile station, thereby enabhng 
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the dynamic offset threshold determination unit to makes its dynamic offset threshold 
determination. 

In accordance with one aspect of the invention, when the dynamic offset 
threshold determination unit initiates at least the prehminary portion of the handover 
5 sequence, the node at which the dynanaic offset threshold determination unit is situated 
sends a message to the destination base station for initiating at least the preliminary 
portion of the handover sequence at the destination base station. 

The invention allows a soft handover procedure to be executed at a point in time 
when the cost of execution is as low as possible, thereby leading to increased capacity 
10 in the network and lower risks for dropped calls at soft handover. 

BRIEF DESCRIFnON OF THE DRAWINGS 

The foregoing and other objects, features, and advantages of the invention will 
be apparent from the following more particular description of preferred embodiments as 
illustrated in the accompanying drawings in which reference characters refer to the 
15 same parts throughout the various views. The drawings are not necessarily to scale, 
emphasis instead being placed upon illustrating the principles of the invention. 

Fig. lA, Fig. IB, Fig. IC, and Fig. ID are diagrammatic views showing various 
stages of movement of a mobile station through certain radio access network portions 
of a telecommunications system. 

20 Fig. 2 is a graph showing a certain scenario of signal strength over time from a 

source base station and a destination base station. 

Fig. 3 is a flowchart showing certain example steps performed by a dynamic 
offset threshold determination unit according to an embodiment of the invention. 



25 



Fig. 4 is a diagrammatic view showing how a dynamic offset threshold for a cell 
differs depending on direction of entry into the cell. 
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Fig. 5 A is graph showing probability of handover as a function of a relationship 
between signal qualities of a source cell and a destination cell for mobile stations 
entering a destination cell from differing directions. 

Fig. 5B is a graph showing a time difference for initiating the handover 
5 sequence, contrasting initiation of the handover sequence in accordance with a dynamic 
offset threshold and a fixed offset threshold. 

Fig. 6 is diagrammatic view of example mobile communications system in 
which the present invention may be advantageously employed. 

Fig. 7 is a simplified function block diagram of a portion of a UMTS Terrestrial 
10 Radio Access Network, including a mobile station (MS) station; a radio network 
controller; and a base station. 

Fig. 8 is a schematic view of an example RNC node in accordance with one 
embodiment of the invention. 



Fig. 9 is a schematic view of an example base station node in accordance with 
15 one embodiment of the invention. 

Fig. 10 is a diagrammatic view illustrating a reporting mode of the present 
invention involving usage of periodic measurement reports for a short period of time, 
and event triggered measurement reports the rest of the time. 

Fig. 1 1 is a graph showing cost of performing a soft handover at differing points 
20 in time. 

Fig. 12 is a diagrammatic view reflecting initiation and various aspects of the 
preUnainary portion of a handover sequence performed at a destination base station and 
an another portion of a handover sequence. 
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DETAILED DESCRIPTION 

In the following description, for purposes of explanation and not limitation, 
specific details are set forth such as particular architectures, interfaces, techniques, etc. 
in order to provide a thorough understanding of the present invention. However, it will 
5 be apparent to those skilled in the art that the present invention may be practiced in 
other embodiments that depart from these specific details. In other instances, detailed 
descriptions of well-known devices, circuits, and methods are omitted so as not to 
obscure the description of the present invention with unnecessary detail. 

Fig. 1 A shows portions of a telecommunications system including a source base 
10 station BSs, a destination base station BSd, and a control node CN. The source base 
station BSs serves a cell Cj; the destination base station BSp serves a ceU C2. The 
control node CN controls the source base station BSs ^d the destination base station 
BSd. Control node N has a diversity handover unit 100 which governs the addition and 
' removal of leg to the connections controlled by control node N. In other words, the 
15 diversity handover xmit 100 governs what cells (e.g., what base stations) are to be 
included in or deleted from the active set. 

At the time shown in Fig. lA, a mobile station (MS) has a call connection leg 
CLi over the air intCTface luai only with source base station BSg. In Fig. lA, mobile 
station (MS) is moving in the direction of arrow D, and has not yet reached a cell 

20 boundary of destination cell C2. The cell boundary of destination cell C2, depicted by 
line FixedOffsefThresholda in Fig. lA, is (as described above) related to the fixed offset 
threshold value of Expression 1, and thus represents the position at which (when 
crossed by a mobile station) conventional handover criteria is satisfied for the mobile 
station MS, and hence the position at which a conventional handover sequence would 

25 be begun for mobile station MS at destination base station BSd- 

In accordance with the present invention, and as depicted in Fig. 1 B, a 
preUminary portion of a handover sequence at destination base station BSd involving 
the mobile station MS is begun before the mobile station MS reaches the line 
FixedOffsetThreshold2. In fact, the prehnodnary portion of the handover sequence is 
30 begun when the mobile station MS reaches a position corresponding to the line 
DynamicOffsetThreshold2 shown in Fig. IB. As explained subsequently, the 
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preliminary portion of the handover sequence involves such activities as the destination 
base station BSd establishing a receiver for listening for mobile station MS and the 
destination base station BSp performing LI uplink synchronization for mobile station 
MS. Should the mobile station MS continue in the direction of arrow D to cross the 

5 line FixedOffsetThreshold2 as shown in Fig. IC, a modified main handover sequence is 
performed at the destination base station BSd for the mobile station MS. The modified 
handover sequence includes one or more conventional handover sequence operations 
not already performed during the preliminary portion of the handover sequence (e.g., 
the remaining conventional handover sequence operations not already performed). 

10 Performance of the modified main handover sequence results in estabUshment of a 
second connection leg CL2 with mobile station (MS), the second leg being through the 
destination base station BSp and over an air interface Iua2. 

As its very name implies, the line DynamicOffsetThreshold2 is not statically 
positioned, but rather varies or shifts. Criteria and an expression for determining the 
15 position of the line DynamicOffselThreshold2 is subsequently provided. 

The initiation of the preliminary portion of the handover sequence is triggered by 
a dynamic offset threshold determination unit 102 of the diversity handover unit 100, 
As explained below, the dynamic offset threshold used by the dynamic offset threshold 
determination unit 102 to initiate the preliminary portion of the handover sequence is 
20 based on a probability of that the mobile station (MS) will engage in a soft handover. 

In an example, non-limiting embodiment of the invention, the dynamic offset 
threshold determination unit initiates the preliminary handover sequence when the 
signal strength of the destination base station as received at the specified mobile station 
is not less than a dynamic offset threshold. The dynamic offset threshold, reflected by 
25 line DynamicOffsetThreshold2 in Fig. IB, is a difference between the signal strength of 
the source base station as received at the specified mobile station and a dynamic offset, 
as shown in Expression 2. 



Expression 2: DynamicOffset=FixedOffset+(K*ProbabUity(Handover)) 
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In Expression 2, K is a constant. The constant K of Expression 2 is used both to decide 
how significant the probability function will be for the total offset, and to map the 
probabihty to a suitable value. 

The dynamic offset utiUzed in Expression 2 is, in turn, a function of the 
handover criteria and the probability of the specified mobile station ful fillin g the 
handover criteria, as shown by Expression 3. 

Expression 3: DynarQicOffsetThreshold=SignalQuaUty(SourceCeU)-DynainicOffset 

In accordance with one mode of the invention, one way to decide the probability 
for handover is to let the handover probability to a destination cell be a function of the 
signal quality as measured from that destination cell, as expressed (for example) by 
Expression 4. 

Expression 4: P(H(SQ(x))) = ^^nax /Nsq(x) 

In Expression 4, P(H(SQ(x))) is the probability that reaching a certain Signal Quality 
(e.g.. Signal Quality(x)) wiU result in a handover (H); Nmax is the number of users 
which have reached a maximum signal quality; and Nsq(x) is the number of users which 
have reached that certain Signal Quality (e.g.. Signal Quality(x)). The maximum signal 
quality is the highest signal quality any users have measured from the destination cell 
(e.g., from the destination base station), and can be ascertained from previous 
measurement reports (e.g., from all users) regarding signal strength from the destination 
base station. Thus, by looking at the signal quality from the destination cell for a 
number of users, the system can tell how many of the users will reach a certain signal 
quaUty. The diversity handover unit 100 thus keeps track, and stores in a memory, the 
number of users which have reached a maximum signal quality (Nmax)and the number 
of users which have reach each level of Signal Quality. With this information the 
dynamic offset threshold determination unit 102 can determine, at any signal quahty 
level, how many users will reach an even higher signal quahty level. 

Thus, the diversity handover unit 100 can decide at which signal quality the 
mobile stations reach a crossroads. A crossroads is point, before a mobile station (MS) 
enters a cell, at which there is an equal probabihty that (1) the mobile station (MS), will 
undergo handover; and (2) the mobile station (MS) will not imdergo handover. After 
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the crossroad is passed, most of the users will continue toward the destination cell and 
eventually make a handover. 

However, the signal quality from the destination cell as employed in the mode of 
Expression 4 may, in some instances, not be enough to decide adequately the 

5 probability for a handover. In a case where the mobile has good radio connections to 
both the source base station and destination base station before reaching the crossroad 
(for example on a large hill with line of sight to both base stations), the signal strength 
from the destination base station can be rather high. This high level can still be much 
lower than the signal quality of the source base station, and therefore no handover is 

10 . started. In this regard, see Fig. 2, which is a graph of signal quahty over time, showing 
an example scenario of the signal quahty both from the source base station and the 
destination base station, and particularly showing the signal quality from the destination 
base station be rather high but still not triggering a soft handover. Later, at the point 
where the handover is eventually executed, the signal strength from the destination base 

15 station might be much lower, but stiU high enough, compared to the source base station, 
for the handover sequence to be started. In those cases the probability function will be 
useless, since all the users will reach the maximum signal quality level from the 
destination base station before the crossroad and the probability function will always 
yield one. 

20 In view of the foregoing, a preferred mode for the probability function to depend 

on both the signal quality of the source base station and the signal quality of the 
destination base station. The relationship R between these two signal qualities can be 
defined by Expression 5. 

Expression 5: R =(SignalQuality(DestinationCell))/(SignalQuahty(SourceCell)) 

25 The fact that the signal quality from the destination cell is high does not imply that the 
relationship is high. Thus, the problem found, when only looking at the signal quality 
from the destination cell, is solved. The relationship will increase as the measured 
signal quality from the destination cell gets higher, compared to the source cell. It will 
be enough to keep track of the relationship until the point where signal quality from the 

30 destination cell gets as good as the one from the source cell, i.e., the relationship is 1. 
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The probability of a handover to a destination cell in accordance with this 
second, preferred naode is thus shown by Expression 6. 

Expression 6: P(H(R(x))) = N^uix /NR(x) 

In Expression 6, P(H(R(x))) is the probability of a handover (H); N^ax is the 
number of users which reach a relationship R of 1; and NR(x) is the number of users 
which have reached a certain relationship R(x), 

Fig. 3 shows certain example basic steps performed by diversity handover unit 
100, including its dynamic offset threshold determination unit 102, according to an 
embodiment of the invention. Step 3-1 depicts the fact that diversity handover unit 100 
acquires signal quality measurements for a base station not in the active set, e.g., for 
destination base station BSp. Of course, the diversity handover unit 100 can, and likely 
does, receive signal quality measurements for base stations in the active set as well, but 
the thrust of the present activity is a determination whether to add a new base station to 
the active set, which means that the signal quality of the candidate base station must be 
obtained via the measurements. Some comments regarding the timing of reporting of 
signal quality measurements are provided subsequently. 

At step 3-2 the diversity handover unit 100 checks whether a preliminary 
handover routine flag, simply known as the "flag", has been set It will be assume 
initially that the preliminary handover routine flag has not been set, which leads to 
execution of step 3-3. 

Step 3-3 is the first step of dynamic offset threshold determination unit 102, 
basic steps of dynamic offset threshold determination unit 102 being framed by broken 
line 102 in Fig. 3. At step 3-3, the dynamic offset threshold determination unit 102 
checks if the handover probability is greater than a predetermined percentage (e.g., 
50%, meaning that the mobile station (MS) has crossed over the crossroad). As 
indicated previously, the handover probabihty can be a function of signal strength of 
the destination base station (as explained above with reference to Expression 4). 
Alternatively, as another example, the handover probability can be both a function of 
signal strength of the destination base station and a function of signal strength of the 
source base station (as explained above with reference to Expression 5). In any event, 
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as part of step 3-3 the dynamic offset threshold deterroination unit 102 checks the 
stored statistics relating to previous instances of mobile stations which have achieved 
the signal strength now measured by the mobile station (MS) for the pilot signal of the 
candidate base station, and determines on a predetermined basis (e.g., Expression 4 or 
5 Expression 5) the probabihty that a soft handover to the candidate base station will be 
preformed for the presentiy reporting mobile station (MS). 

If the presentiy reporting mobile station (MS) does not have a handover 
probability greater than the predetermined percentage (e.g., 50%), execution of the 
dynamic offset threshold determination unit 102 ends as reflected by symbol step 3-10, 
.10 On the other hand, if the presentiy reporting mobile station (MS) does have a handover 
probability greater than the predetermined percentage, step 3-4 through step 3-6, and 
possibly step 3-7 through step 3-9 as well, are performed by dynamic offset tiireshold 
determination unit 102. 

Step 3-4 involves the dynamic offset threshold determination unit 102 
15 computing the DynamicOffset of Expression 2. Then dynamic offset threshold 
determination unit 102 proceeds to compute the DynamicOffsetThreshold in 
accordance with Expression 3. Then, having computed the DynamicOffsetThreshold 
for the destination ceU, at step 3-6 the dynamic otfset threshold determination unit 102 
determines whether the nieasured and filtered pilot signal received by the mobile station 
20 (MS) from destination base station BSp exceeds the DynamicOffsetThreshold. If the 
DynanaicOffsetThreshold is exceeded, at step 3-7 the dynamic offset threshold 
determination unit 102 performs its preliminary handover routine. 

Performance at step 3-7 of the preliminary handover routine involves dynamic 
offset tiireshold determination unit 102 sending a preliminary handover initiation 

25 message 1 10 to the destination base station BSd, as shown in Fig. 1. The preliminary 
handover initiation message 110 transndts to the destination base station BSd tiie 
information necessary for the destination base station BSd to perform its preliminary 
portion of the handover sequence for the mobile station (MS), and authorizes the 
destination base station BSd to initiate its preliminary portion of the handover sequence, 

30 The information necessary to the destination base station BSd for performing the 

preliminary portion of the handover sequence includes the scrambling code, as well as 
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the identity of the mobile station (MS) [the scrambling code itself can serve as such an 
identity]. 

The information necessary for performing the preUndnary portion of the 
handover sequence can be included in a modified Radio Link Setup message. The 
5 modified Radio Link Setup message includes a flag that tells the destination base 
station if it is the preliminary or remaining portion of the handover sequence that is to 
be executed. 

After diversity handover unit 100 performs its preliminary handover routine, the 
pre-routine flag is set at step 3-8. After beginning its preliminary portion of the 

10 handover sequence, the destination base station BSd sets a timer to determine whether 
the mobile station (MS), having crossed the DynamicOffsetThreshold, crosses the 
FixedOff setThreshold. If the timer set by the base station BSd expires, the destination 
base station BSd assumes that the mobile station (MS) turned back (changed direction 
to go away from rather than toward the destination base station BSp) or terminated the 

15 call, and cancels out the steps taken in its preliminary portion of the handover sequence. 
Accordingly, to reflect this potential cancellation of the prelhtninary portion of the 
handover sequence by the destination base station BSd, the dynamic offset threshold 
determination unit 102 sets a timer at step 3-9. After setting the timer, the dynamic 
offset threshold determination unit 102 can end its execution relative to this 

20 measurement report for the reporting mobile station (MS). 

If, after receipt of the measurement report of step 3-1, the diversity handover 
unit 100 determines at step 3-2 that the preliminary handover routine flag has been set, 
step 3-1 1 is next performed. Step3-1 1 involves a determination whether the reporting 
mobile station (MS) has crossed the FixedOffsetThreshold, and is thus ready for the 

25 destination base station BSd to perform a modified handover sequence (e.g., the 

remaining aspects of the conventional handover sequence which were not included in 
the preliminary portion of the handover sequence). If the reporting mobile station has 
traveled to a point where it is appropriate for the destination base station BSd to execute 
the modified handover sequence, at step 3-12 the modified handover initiation routine 

30 is performed by diversity handover unit 100. Among the activities included in the 
modified handover initiation routine performed by diversity handover unit 100 is 
transmission of a handover initiation message to destination base station BSd, as 
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reflected by handover imtiation message 1 12 shown in Fig. IC- Upon receipt of the 
handover initiation message 112, the destination base station BSd performs its modified 
handover sequence. The information necessary to the destination base station BSd for 
performing the modified handover sequence includes the scrambUng code for the 
mobile station and the identity of the mobile station (MS) as previously mentioned. 
Various aspects of the modified handover sequence are below discussed, e.g., with 
reference to Fig. 12. 

If it is determined at step 3-11 that it is not yet time to perform the remainder of 
the handover sequence, a check is made at step 3-13 whether the timer (set at step 3-9) 
has expired. If the timer set at step 3-9 has expired, the dynamic offset threshold 
determination unit 102 realizes that the destination base station BSo now considers that 
the reporting mobile station (MS) has wandered away from a handover or hesitated 
inroute, and thus has cancelled steps taken in the preliminary portion of the handover 
sequence for the reporting mobile station (MS). Knowing therefore that the destination 
base station BS© has cancelled such prelinoinary portion of the handover sequence 
steps, the dynaiuic offset threshold determination unit 102 must again consider the 
preliminary portion of the handover sequence unprefofmed for the reporting mobile, 
and therefore clears the preliminary handover routine flag at step 3-14. After clearing 
the flag at step 3-14, or after determining at step 3-13 that the timer has not expired, the 
dynamic offset threshold determination unit 102 concludes its processing with respect 
to the current measurement report (as depicted by the symbol of step 3-10). 

The steps of Fig. 3 are thus executed as appropriate upon receipt of the signal 
quality measurement reports for the candidate base station. It should be understood, 
with respect to a given mobile station (MS), that the steps of Fig. 3 may be performed 
for more than one destination base station BSd, as there may be several candidate 
destination base station BSp to which the mobile station is listening and for which 
connection legs may be added. 

As evident from the foregoing, in accordance with the present invention the 
dynamic offset threshold determines the start of the handover process, particularly the 
start of the preliminary portion of the handover process. Interestingly, the dynamic 
offset threshold will differ between different pairs of cells. Depending on the 
probability that a handover from a source base station to a destination base station will 
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take place, the dynamic offset threshold between two specific pairs of cells differs. To 
illustrate. Fig. 4 depicts a situation in which two mobile stations, MSi and MS2, are 
moving from different cells Ci and C3 toward destination cell BSp. The first mobile 
station (MSi) has a first leg of connection with base station BSi which serves cell Ci, 
5 while a second mobile station (MS2) has a first leg of connection with base station BS3 
which serves cell C3. Both mobile stations MSi and MS2 are moving toward destination 
cell BSd as represented by respective arrows Di and D2, and accordingly towards a 
potential handover to destination cell BSd- However, the line 

DynamicOffsetThreshold2-i for the mobile station (MSi) coming from cell Ci is situated 
10 differently than the line DynanndcOffsetThreshold2.2 for the mobile station (MS2) 
coming from cell C3. In other words, the hne DynamicOffsetThreshold2-i for the 
mobile station (MSi) coming firom cell Ci has a different (e.g., larger) radius than the 
line DynamicOffsetThreshold2-2 for the mobile station (MS2) condng from cell C3. 
Thus, in accordance with the present invention, when approaching a destination cell 
15 (e.g., a destination base station) the DynamicOffsetThreshold can differ depending 
upon firom which direction the destination cell is entered. 

Thus, the probability functions utilized with respect to the two mobile stations 
MSi and MS2 shown in Fig. 4 differ, and thus the position of the crossroads for each 
mobile station MS. See, for example, Fig. 5 A, which graphically illustrates Ukely 

20 probability of handover for the two cases of the two mobile stations MSi and MS2 as a 
function of a relationship between the signal qualities firom the source base station and 
the destination base station. When the relationship between the signal qualities from 
the source base station and the base station increases, it is more probable that a 
handover will be made, and thus the difference between the FixedOffsetThreshold and 

25 the DynamicOffsetThreshold increases. 

Fig. 5B contrasts a time difference for ioitiating the handover sequence in 
accordance with the respective thresholds represented by the dynamic offset threshold 
and the fixed offset threshold. Moreover, Fig. 5B illustrates the dynamic offset 
threshold both for case 1 of Fig. 4 (e.g., for mobile station (MSi)) and for case 2 of Fig. 
30 4 (e.g., for mobile station (MS2)) . 

The preliminary portion of the handover sequence includes steps of starting a 
receiver for the mobile station (MS) at the destination base station BSp and performing 
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LI synchronization at the destination base station BSp for the mobile station (MS). 
Neither the starting of the receiver nor the synchronization operation cause any 
additional radio interference, but there is nevertheless a cost in pre-allocated hardware 
resources required for performing these tasks of the preliminary portion of the handover 

5 sequence. Therefore, it is important that the mobile station (MS) be close enough to the 
destination base station BSp when the preliminary portion of the handover sequence is 
started, so that the destination base station BSd is able to detect the mobile station 
(MS). Otherwise, hardware resources at the destination base station BSp are wasted in 
performing the preliminary portion of the handover sequence. The constant K of 

10 Expression 2 is chosen high enough to make certain that the preliminary portion of the 
handover sequence is not started too late, but low enough so that the handover will not 
be started too soon in accordance with these considerations. 

Reference was made above, for example in connection with step 3-1, that 
measurement reports regarding the signal quality of the destination base station BSd 

15 was made by the mobile station (MS) were forwarded to the control node. Normally in 
W-CDMA, measurement reports are sent from the mobile station (MS) to the control 
node CN when some event is triggered, e.g., when the signal quality from the 
destination base station BSd gets above a certain threshold for handover. If event 
triggered measurement reports are used, an effort would have to be made to keep track 

20 of previous measured signal quality levels at the mobile station (MS), and to forward 
these records to the control node CN when the handover event is triggered. As an 
altemative, periodic measurement reports can also be sent from the mobile station (MS) 
to the control node CN, The periodic measurement reports involve more signaling. A 
variation is then to use only periodic measurements during a short period of time in 

25 order to collect the necessary statistics from a number of mobile stations (MSs), as 
illustrated in Fig. 10. After a while new statistics can be collected, using periodic 
measurements. In this way the probability function will adapt to the current traffic 
situation, but sill not utUize too much signaling. The fact that the method adapts to the 
current traffic situation is important, because the network operators do not have to 

30 configure the control nodes and base stations manually. 



In an example deployment of the invention, the dynamic offset threshold 
determination unit is situated at a control node of the telecommunications system, such 
as a radio network control (RNC) node. The specified mobile station sends to the 
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control node a measurement report of the signal strength of the destination base station 
as received at the specified mobile station, thereby enabling the dynamic offset 
threshold determination unit to makes its prediction. 

The iavention allows a soft handover procedure to be executed at a point in time 
5 when the cost of execution is as low as possible, thereby leading to increased capacity 
in the network and lower risks for dropped calls at soft handover. The cost of execution 
can be expressed as a combination of utilized radio resources, utilized hardware 
resources, and the rate of dropped calls. Fig. 1 1 graphically illustrates such cost of 
execution as a function of the handover procedure being performed at different points 
10 in time. If the mobile station (MS) suddenly changes direction or terminates the call, 
the resources aheady set up for the mobile station (MS) will be wasted. To iniiiiniize 
the waste of resources in such event, the handover procedure can be divided into 
smaller consecutive parts, each triggered by its own threshold value. The user will then 
have more and more resources set up progressively as the probability for handover gets 
15 higher. 

TTie present invention thus does not predict when a fixed-threshold handover for 
a mobile station will occur, but instead provides a dynamic offset threshold for starting 
soft handover. When the dynamic offset threshold for soft handover is exceeded, a 
preliminary portion of a handover sequence is initiated at the destination base station. 

20 The preliminary portion of the handover sequence is initiated so that a time-critical 

handover sequence activity (such as LI uplink synchronization) is well underway, if not 
completed, by the time the soft handover is actually needed. The dynamic offset 
threshold for starting handover is based on a probability that the mobile station will 
engage in the handover. The probabihty is a statistical probability that handover will 

25 actually occur based on handover history of other mobile stations previously and 
similarly traveling and of the same signal strength. 

Fig. 12, in conjunction with other figures such as Fig. 3, illustrates initiation and 
various aspects of the preliminary portion of the handover sequence and the remaining 
(another) portion of the handover sequence. In particular. Fig. 12 shows example b£isic 
30 actions which occur with respect to the mobile station (MS), the destination base 
station, and the control node, as well as certain signaling and other transmissions 
between these entities. 
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Action 12-1 of Fig. 12 is transmission of a measurement report from mobile 
station (MS) to the control node. The transnoission of the measurement report occurs, 
of course, through a base station, such as the source base station or another base station 
in the active set. Upon receipt of the measurement report at the control node, the 

5 control node evaluates the measurements included in the measurement report, as 

indicated by action 12-2. The evaluation of action 12-2 includes several of the steps of 
Fig. 3. Among the included steps is step 3-1, involving acquisition of the signal strength 
measurement from the mobile station (MS) of the destination base station (the 
destination base station not being in the active set). In addition, action 12-2 includes 

10 step 3-3 through step 3-6 of Fig. 3, which involve a determination of handover 

probability (step 3-3) and computation of Expression 2 for the DjoiamicOffset (step 3- 
4) and computation of Expression 3 for the DynamicOffsetThreshold (step 3-5). 

If is determined at step 3-6 (included in action 12-2) that the measured signal 
quality of the destination base station as received at the mobile station (MS) exceeds the 

15 DynamicOffsetThreshold, the preliminary handover routine of the control node is 
performed (step 3-7). The preliminary portion of the handover sequence is basically 
depicted as being within the upper dash-dotted line block of Fig. 12. Performance of 
the preliminary handover routine of the control node includes action 12-3 (uplink 
resource allocation) and action 12-4 (transmission of an upUnk radio link setup request 

20 message from the control node to the destination base station), and (when the uplink 
radio link setup is successful) receipt of a UE detected message (action 12-8). 
Examples of the types of resources which are allocated include radio resources for 
traffic functions (e.g., codes, resources for handUng of admission and congestion) and 
hardware resources (e.g., a receiver (RX)-card allocated for th^ user, [possibly] 

25 admission and congestion handling of shared resources [like processor usage, for 
example]). 

Transmission of the uplink radio link setup request (action 12-4) from the 
- control node to the destination base station primarily results in two basic actions 
occurring at the destination base station. These two basis actions comprise the 
30 preUminary portion of the handover sequence performed by the destination base station. 
A first such action is turning on a verification receiver at the destination base station to 
Usten for the mobile station for which soft handover is anticipated (action 12-25). A 
second such action is performance of an upUnk synchronization procedure between the 
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mobile station and the destination base station (action 12-7). The upUnk 
synchronization procedure involves receipt by the just-started receiver at the destination 
base station of a passive transndssion from the mobile station (action 12-6), The uplink 
synchronization procedure includes measuring or determiiiing the time position of the 

5 mobile station. Determination of the time position of the mobile station can be 

complex and time intensive, but in accordance with the present invention is performed 
at a non-critical occasion. Various aspects of uplink synchronization, and details of 
synchronization searchers for determining mobile station time position in general, can 
be gleaned from one or more of the following United States Patent Applications, both 

10 of which are incorporated herein by reference: United States Patent Application Serial 
Number 09/452,105, entitled "Synchronization of Diversity Handover Destination Base 
Station"; and United States Patent Application Serial Number 09/070,778, entitled 
"Search Window Delay Tracking In Code Division Multiple Access Communication 
System". 

15 Assuming that the destination base station can achieve uplink synchronization 

relative to the mobile station, a MS detected message (e.g., UE detected message) is 
sent from the destination base station to the control node as action 12-8. At that point, 
the control node performs the flag and timer setting steps of step 3-8 and step 3-9 of 
Fig. 3. 

20 Receipt of the upUnk radio link setup request message of action 12-4 starts a 

timer in the destination base station. If the destination base station is unable (using the 
verification receiver started at action 12-5) to detect the mobile station before 
expiration of the timer the resources set up for the receiver and for mobile station are 
taken down. Such a timer can also be useful to take dov^n the resources if the signal 

25 quality between the mobile station and the destination base station never exceeds the 
FixedOffsetThreshold of Expression l(e.g., if the mobile station changes direction or 
tenninates the caU before entering the destination cell). 

The mobile station (MS) is determined to have actually entered the handover 
area for the destination cell when the measured signal quality from the destination base 
30 station as received at the mobile station (MS) exceeds the FixedOffsetThreshold of 
Expression 1. Fig. 12 shows, as action 12-9, transmission of a measurement report 
from the mobile station to the control node. The transnoission of the measurement 
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report of action 12-9 is subsequent to and separate from the transndssion of the 
measurement report of action 12-1. As action 12-10, the measxnrement report is 
evaluated to determine if the handover sequence can be completed. The evaluation of 
action 12-10 of Fig. 12 involves step 3-1, step 3-2, and step 3-11 of Fig. 3. In 
5 particular, in the ensuing discussion it is now assumed that the measured signal strength 
of the signal quality of the destination base station as received at the mobile station 
(MS) exceeds the FixedOffsetThreshold of Expression 1 (see step 3-11) at the time of 
the report of the measurement report of action 12-9. 

When the signal quality of the destination base station as received at the mobile 
10 station (MS) exceeds the FixedOffsetThreshold of Expression 1 , the remainder portion 
of the handover sequence is performed. Since the preliminary portion of the handover 
sequence (above described) has been performed, the time position of the mobile station 
(MS) is already known due to the uplink LI synchronization procedure of the 
preliminary portion of the handover sequence. Therefore, now that the time has come 
15 for the actual handover to be performed for the mobile station, the destination base 
station need not spend valuable time in the time-consuming task of performing LI 
uplink synchronization. 

r- 

The remaining portion of the handover sequence is basically depicted as being 
within the lower dash-dotted line block of Fig. 12. As action 12-11, downlink 

20 resources are allocated at the control node. Examples of such downlink resources 
include radio resources for traffic functions (e.g., codes, resources for handling of 
adndssion and congestion); hardware resources (a transmitter (TX) card allocated for 
the user, [possibly] admission and congestion handling of shared resources [Uke 
processor usage]); DL transmission resources (transport channel for user data is 

25 reserved). A downlink radio link setup request message is sent from the control node to 
the destination base station as action 12-12. Receipt of the downlink radio link setup 
request message at the destination base station results in the destination base station 
performing a radio link setup operation. The RL setup includes allocation and 
configuration of the necessary resources for the radio link, like an RX card. Radio 

30 connection supervision algorithms are also started in the base station. After the radio 
link is successfully set up, the destination baise station sends a radio link setup response 
message to the control node as action 12-14. 
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Knowing that the radio link between the destination base station and the mobile 
station (MS) has been successfully set up, the control node sends an active set update 
message to the mobile station (MS) as action 12-15. The active set update message of 
action 12-15 essentially instincts the mobile station (MS) to include the destination base 
station in the active set, so that a leg of the connection can be established through the 
destination base station. Assuming that the destination base station employs AAL2 for 
the transmission of user data, the destination base station (as action 12-16) internally 
estabUshes an AAL2 connection through the destination base station to handle the new 
leg of the connection. For a destination base station which uses another type of 
protocol for the user data, another suitable type of connection is estabUshed in the base 
station. Action 12-17 is a message from the destination base station which confirms 
that the destination base station has, in fact, estabUshed its internal (e.g., AAL2) 
coimection. 

Upon the receipt of the first instance of user data (transmitted as action 12-18), 
the destination base station turns on a transmitter for the mobile station (MS) as action 
12-19. When the transmitter has been turned on, the destination base station and the 
mobile station (MS) engage in a power ramping operation (action 12-20) which 
determines the power level at which the base station should transmit. When the 
appropriate transmit level has been determined for the base station, as action 12-21 a 
downlink synchronization procedure is performed between the destination base station 
and the mobile station (MS), .When the downlink synchronization procedure has been 
successfully completed, the mobile station (MS) sends an active set update complete 
message (as action 12-22) to the control node. The destination base station sends a 
radio link restore indication to the control node as action 12-23. 

Thus, as evident from the foregoing and Fig. 12 in particular, the present 
invention involves initiating at the destination base station the preliminary portion of 
the handover sequence for the specified mobile station, and then subsequently initiating 
at the destination base station another portion of a handover sequence (e.g., the 
remainiag portion of the handover sequence) for the specified mobile station. The 
preliminary portion of the handover sequence involves an operation between the 
destination base station and the specified mobile station that is more time critical than 
operations performed during the remaining portion of the handover sequence. In 
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particular, in the illustrated example, the preliiniuary portion of the handover sequence 
includes LI uplink radio synchronization with respect to the specified mobile station 

One non-limiting, example deployment of the present invention is described in 
the context of a universal mobile telecommunications (UMTS) 10 shown in Fig. 6. A 
representative, connection-oriented, external core network, shown as a cloud 12 may be 
for example the Public Switched Telephone Network (PSTN) and/or the Integrated 
Services Digital Network (ISDN). A representative, connectionless-oriented external 
core network shown as a cloud 14, may be for example the Internet. Both core 
networks are coupled to their corresponding service nodes 16. The PSTN/ISDN 
connection-oriented network 12 is connected to a connection-oriented service node 
shown as a Mobile Switching Center (MSG) node 18 that provides circuit-switched 
services. The Intemet conneictionless-oriented network 14 is connected to a General 
Packet Radio Service (GPRS) node 20 tailored to provide packet-switched type services 
which is sometimes referred to as the serving GPRS service node (SGSN), 

Each of the core network service nodes 18 and 20 connects to a UMTS 
Terrestrial Radio Access Network (UTRAN) 24 over a radio access network (RAN) 
interface referred to as the lu interface. UTRAN 24 includes one or more radio network 
controllers (RNCs) 26. For sake of simplicity, the UTRAN 24 of Fig. 6 is shown with 
only two RNC nodes, particularly RNC 26x and RNC262. In Fig. 6, for sake of 
simplicity only one of the RNC nodes 26 is shown with a time position estimator 100 of 
the present invention. Each RNC 26 is connected to a plurality of base stations 
(BS) 28. For example, and again for sake of simplicity, two base station nodes are 
shown connected to each RNC 26. In this regard, RNC 26i serves base station 28i.i 
and base station 281.2, while RNC 262 serves base station 282-1 and base station 282-2- It 
will be appreciated that a different number of base stations can be served by each RNC, 
and fliat RNCs need not serve the same number of base stations. Moreover, Fig. 6 
shows that an RNC can be connected over an lur interface to one or more other RNCs 
intiieURAN24. 

A mobile station (MS), such as mobile station (MS) 30 shown in Fig. 6, 
communicates with one or more base stations (BS) 28 over a radio or air interface 32. 
Each of the radio interface 32, the lu interface, the lub interface, and the lur interface 
are shown by dash-dotted lines in Fig. 6. 
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Preferably, radio access is based upon wideband. Code Division Multiple Access 
(WCDMA) with individual radio channels allocated using CDMA spreading codes. Of 
course, other access naethods may be employed. WCDMA provides wide bandwidth 
for multimedia services and other high transnodssion rate demands as well as robust 
features like diversity handoff and RAKE receivers to ensure high quaUty. Each user 
mobile station (MS) or equipment unit (UE) 30 is assigned its own scrambling code in 
order for a base station 28 to identify transmissions from that particular mobile station 
(MS) as well as for the mobile station (MS) to identify transmissions from the base 
station intended for that mobile station (MS) from all of the other transnussions and 
noise present in the same area. 

Fig. 7 shows selected general aspects of mobile station (MS) 30 and illustrative 
nodes such as radio network controller 26 and base station 28. The mobile station 
(MS) 30 shown in Fig. 7 includes a data processing and control unit 31 for controlling 
various operations required by the mobile station (MS), The data processing and 
control unit 31 of the mobile station (MS) provides control signals as well as data to a 
radio transceiver 33 connected to an anteima 35. 

The example radio network controller 26 and base station 28 as shown in Fig. 7 
are radio network nodes that each include a corresponding data processing and control 
unit 36 and 37, respectively, for performing numerous radio and data processing 
operations required to conduct communications between the RNC 26 and the user 
equipment units (UEs) 30. The data processing and control unit 36 of the RNC 
includes the diversity handover unit 100 of the present invention with its dynamic offset 
threshold determination unit 102. Part of the equipment controlled by the base station 
data processing and control unit 37 includes plural radio transceivers 38 connected to 
one or more antennas 39. 

Fig. 8 illustrates, in somewhat more detail, an example non-limiting RNC node 
26 of the present invention. It so happens that the RNC node 26 of Fig. 8 is a 
switched-based node having a switch 120. The switch 120 serves to interconnect other 
constituent elements of RNC node 26. Such other constituent elements include 
extension terminals 122i through 122^, as well as extension terminal 124. Extension 
terminals 122i through 122n essentially function to connect RNC node 26 to the base 
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26 

stations 28 served by RNC node 26; extension terminal 124 connects RNC node 26 
across the lu interface to the core network. 

Yet other constituent elements of RNC node 26 include diversity handover unit 
126; an ALT urdt 128; codex 130; timing unit 132; a data services application unit 134; 
and, a main processor 140. The person skilled in the art will appreciate generally the 
functions of these constituent elements, it being noted that the ALT unit 128 is a unit 
which provides, e.g., multiplexing and demultiplexing and (optionally) queuing with 
regard to differing protocols of cells. In one example implementation of the present 
invention, the diversity handover unit 100 with its dynamic offset threshold 
determination unit 102 is situated in the diversity handover unit 126. One ore more 
functions of d3aiamic offset threshold detemiination unit 102 can be delegated to main 
processor 140. 

Fig. 9 illustrates, in non-limiting manner, more details of an example base 
station (BS) node 28 in accordance with one embodiment of the present invention. As 
with RNC node 26, the base station (BS) node 28 of Fig. 9 is a switched-based node 
having a switch 220 which serves to interconnect other constituent elements of base 
station (BS) node 28. Such oflier constituent elements include extension terminal 222; 
ALT unit 228; BS main processor 240, and interface boards 242. 

Extension terminal 222 connects base station (BS) node 28 to radio network 
controller (RNC) node 26, and thus comprises the lub interface. As in the case of radio 
network controller (RNC) node 26, the ALT unit 228 is a unit which provides, e.g., 
multiplexing and demultiplexing and (optionally) queuing with regard to differing 
protocols of cells. 

During the preliminary portion the base station only receives data, and no 
transmission has to be made. The data is sent from receiver board to the main 
processor, for processing. When the UL synch is done, a message is sent to the RNC. 
Thus, antenna 39, amplifier and filters 280, receive board 270, interface 240, and 
extension terminal 222 are involved. The difference for the remainder of the handover 
sequence is that also transmissions are made to the MS, which means that transmit 
board 260 is also involved. 
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While the invention has been described in connection witii what is presently 
considered to be the most practical and preferred embodiment, it is to be understood 
that the invention is not to be limited to the disclosed embodiment, but on the contrary, 
is intended to cover various modifications and equivalent arrangements included within 
5 the spirit and scope of the appended claims. 
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WHAT IS CLAIMED IS; 
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1. For use in a telecommunications system having a source base station (BSs) 
and a destination base station (BSd) where a specified mobile station (MS) establishes a 
connection with the source base station, a method comprisiug: 

determining a dynamic offset threshold for starting at least a portion of a soft 
handover sequence for the specified mobile station at the destination base station, the 
dynamic offset threshold being a function of a probability that the specified mobile 
station will engage in soft handover; 

initiating flie at least a portion of the soft handover sequence when a signal 
strength from the destination base station as received at the specified mobile station has 
a predetermined relationship to the dynamic offset threshold. 

2. The method of claim 1 , further comprising initiating another portion of the 
soft handover sequence when the signal strength from the destination base station as 
received at the specified mobile station has a predetermined relationship to a fixed 
offset threshold. 

3. The method of claim 2, wherein the another portion of the soft handover 
sequence is a remainder of the soft handover sequence. 

4. The method of claim 1 , wherein the probability is a function of signal 
strength of the destination base station as received at the specified mobile station. 

5. The method of claim 1, wherein the probability is a function of signal 
strength of the destination base station as received at the specified mobile station and a 
function of signal strength of the source base station as received at the specified mobile 
station. 

6. The method of claim 1, wherein the probability is a statistical probabiUty 
based on handover history of other mobile stations. 



7. The method of claim 1, further comprising initiating the at least a portion of 
the soft handover sequence when a signal strength from the destination base station as 
received at the specified mobile station is not less than the dynamic offset threshold, the 



wo 02/47423 



PCT/SEOl/02682 



29 



. 15 



20 



25 



30 



dynamic offset threshold being a difference between the signal strength of the source 
base station as received at the specified mobile station and a dynamic offset. 

8. The method of claim 7, wherein the dynamic offset is a function of a fixed 
offset and the probability of the specified mobile station fulfilling the handover criteria. 

9. The method of claim 1, further comprising determining the dynamic offset 
threshold at a control node of the code division multiple access communication system. 

10. The method of claim 9, further comprising the specified mobile station 
sending to the control node a measurement report of the signal strength of the 
destination base station as received at the specified mobile station. 

11. A telecommunications system comprising a source base station (BSs) and a 
destination base station (BSd); 

characterized by: 

a dynamic offset threshold determination unit (102) which determines a dynamic 
offset threshold for starting at least a portion of a soft handover sequence for a specified 
mobile station (MS) at the destination base station, the dynamic offset threshold being a 
function of a probability that the specified mobile station will engage in soft handover. 

12. The apparatus of claim 1 1 , wherein the dynamic offset threshold 
determination unit initiates the at least a portion of the soft handover sequence when a 
signal strength from the destination base station as received at the specified mobile 
station has a predeteniiined relationship to the dynamic offset threshold. 

13. The apparatus of claim 11, further comprising a handover unit (100) which 
initiates another portion of the soft handover sequence when the signal strength from 
the destination base station as received at the specified mobile station has a 
predetermined relationship to a fixed offset threshold. 

14. The apparatus of claim 13, wherein the another portion of the soft handover 
sequence is a remainder of the soft handover sequence. 

15. The apparatus of claim 11, wherein the probabihty is a function of signal 
strength of the destination base station as received at the specified mobile station. 
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16. The apparatus of claim 1 1, wherein the probability is a function of signal 
strength of the destination base station as received at the specified mobile station and a 
function of signal strength of the source base station as received at the specified mobile 
station. 

17. The apparatus of claim 11, wherein the probability is a statistical 
probabihty based on handover history of other mobile stations. 

18. The apparatus of claim 11, wherein the dynamic offset threshold 
determination unit Loitiates the at least a portion of the soft handover sequence when a 
signal strength from the destination base station as received at the specified mobile 
station is not less than the dynamic offset threshold, the dynamic offset threshold being 
a difference between the signal strength of the source base station as received at the 
specified mobile station and a dynamic offset. 

19. The apparatus of claim 18, wherein the dynamic offset is a function of a 
fixed offset and the probability of the specified mobile station fulfiUing the handover 
criteria. 

20. The apparatus of claim 11, whereiu the dynamic offset threshold 
determination unit is situated at a control node (CN) of the code division naultiple 
access communication system. 



25 



21 . The apparatus of claim 20, wherein control node receives from the specified 
mobile station a measurement report of the signal strength of the destination base 
station as received at the specified mobile station. 
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